Abstract : With conducting polymers acting as three dimensional matrix for the immobilised enzymes where reactants are converted to the products, several biosensors have been developed in the last decade. The biosensors are modelled here based on the reactions to focus on their advantage and limitations caused by over oxidation of the polymer matrix. A proposal to overcome these limitations has been modelled. The role of conducting polymers in developing neurotransmitter sensors is discussed.
The electronic conducting polymers have an organised molecular structure on metal substrates, which permit them to hnction as a three dimensional matrix for the immobilisation of active catalysts and preserve the activity for long duration. This property of the conducting polymer together with its hnctionality as a membrane has provided opportunities to investigate the development of sensors. The polymer matrix is considered as not oxidisable/reducable in the potential range of interest and hence is inert for the envisaged biosensor activity. The following three possible models are proposed.
Model I :
Consider a biosensor reaction [ 13 S + E,, + 0 2 P + Eed + H202 (1) where S is biological substrate, E, is the oxidised enzyme, P is the product and Ered is the reduced form of the enzyme. This reaction is carried out in solutions where pH 7.4 (biological pH) is maintained. Since S is of interest to be estimated, it is desirable to have E,, immobilised in a three dimensional matrix such as a conducting polymer so that the product, Ered, formed by reaction (1) also remains immobilised. By a subsequent conversion procedure it can be converted to E, . For the estimation of S, the immobilised enzyme can be placed into a solution of S and 0 2 . Reaction (1) occurs and the product and hydrogen peroxide will be localised in the conducting polymer. Either hydrogen peroxide can be determined colorimetrically or by electrochemical method. The latter provides an advantage in that the measurement is fast and simple. This would require the conducting polymer electrode be used as the working electrode with immobilised enzyme along with a counter electrode and a reference electrode in a three electrode configuration biosensor as shown in Figure 1 .
Fig. 1 A typical biosensor
Since hydrogen peroxide is oxidised at 0.90 V vs SCE, by stepping the potential of the electrode from its equilibrium value to 0.90V, a difision current will start to flow in the electrochemical cell. By integration of the current it is possible to estimate the moles of peroxide formed in reaction (1).
at the polymer electrode at 0.90 V (2) (3 1
In the polymer matrix the regeneration of the enzyme will occur spontaneously. For this model to be operative three important conditions should be fulfilled. (i) The polymer matrix should not undergo changes during the reactions (l), (2) and (3). The natural tendency of conducting polymers would be to undergo overoxidation with a 100s of conductivity. (ii) The reactions occurring within the polymer matrix should not disturb the polymer redox state. The diffusion of S and 0 2 into polymer matrix should be fast for the sustained reaction. In situations where the potential at which peroxide is oxidised, the conducting polymer is electrochemically active, Model I1 described below would be an alternative.
Consider a mediated electron transfer reaction in the polymer matrix. An oxidised mediator, mx is attached to the substrate electrode by covalent linking and the conducting polymer matrix is formed over this mediating film. This model uses bilayer films in comparison to Model I which uses a monolayer film. The enzyme is irnmobilised in the polymer matrix and the reaction described by (1) occurs in this phase, The mediator reacts with the peroxide as described by reaction (4)
The amount of Mrcd is proportional to the peroxide generated in the reaction (1) and hence by determining Mred, the concentration of S can be estimated. The Mred is electrochemically oxidisable to mx and hence the charge required will provide the information on the concentration of S . The three steps are depicted in To overcome the limitation of the Model I, it is necessary to have the redox potential of mX I Mred situated below the potential at which overoxidation of the polymer occurs. Furthermore, the mediating film should be capable of sustained turnovers in the estimation of S without getting disintegrated in the potential cycling. When this poses a limitation, the following Model I11 will serve as an alternative.
Model 111 :
This model is a refinement of Model 11, where the mediating film has a metal ion active centre, whose redox activity can be monitored. The mediating film is not disturbed in the process of repeated measurements. The reaction occurs between Ered and the metal ion center rather than with oxygen in the regeneration of enzyme.
Model IV :
This model utilises a new feature of selectivity between biomolecules. The conducting polymer selectively sequesters into it the biomolecule of interest and then it is oxidised within the polymer. This model is especially important for neurotransmitter studies.
The above models are adaptable to the representative systems (ref. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] , confirming the assumptions and requirements. The following illustrations are provided for the biosensor pathways. The immobilisation of glucose oxidase (GOD) in polypyrrole matrix for glucose estimation follows Model I. The reactions occuring are given by
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Matrix Polypyrrole -but it undergoes overoxidation at 0.9OV vs SCE Model I1 can be depicted by
PMePc(f), + H202 (Polymer)------>02 + PMePc(f),,d + 2 H' + 2e (8) PMePc(f),d----->PMePc(f), + e Electrode reaction (9) Where PMePc(f) is polymetallpthalocyanine film attached to the electrode. The redox potential of this couple is 0.20 V as compared with hydrogen peroxide at 0.90 V.
Model I11 is a modification of Model I1 since the organic film which is a mediating film has been replaced by either metal or its complex is covalently linked to the electrode surface which brings out the mediating reaction. Representing metal as M, the glucose sensing can be rationalised as
In this model no peroxide formation is involved. Model IV typifies the selective performance of a biosensor especially for the sensing of dopamine or dopa. A conducting polymer under selected conditions acts as a membrane for the transport of charged species in the medium (ref. [14] [15] . This property has been studied for a variety of purposes, such as ion transport, sequestering through the membrane, permeability etc. As a result of the membrane-like structure existing with conducting polymers, the normal electroactivity of some of the electroactive organics and inorganics has not been observed at these electrodes. Polycarbazole is one typical example of this category and has been examined for electrochemical oxidation and reduction processes (ref. 16, 17) . The electrochemical oxidation of dopamine has been studied for different polymer film thicknesses; the observed cyclic voltammetric patterns are shown in Figure 5 . The excellent reversibility observed for its oxidation surpasses the reported results at other electrodes such as glassy carbon or Pt (ref. 18) . At the latter electrodes the product of oxidation undergoes internal cyclisation. Hence, the complementary cathodic peak current is reduced or negligible. The cyclised product shows a cathodic peak at more negative potentials than the oxidised product. We tend to observe this behaviour at thinner polycarbazole films (<1 micrometer). The response of polycarbazole electrode to different sweep rates as a finction of polymer film has also been investigated to optimise the response factor for the sensing action of L-dopa or dopamine (ref. The above models demonstrate a few pathways by which biosensors could be developed.
